INTRODUCTION
In the Tudela Formation of the western part of the Ebro Basin (Figure 1 ) several mammal localities of Ramblian and Aragonian age are known (Murelaga, 2000; Murelaga et al., 2004a Murelaga et al., , 2004b Larrasoaña et al., 2006; Ruiz-Sánchez et al., 2010a , 2010b Ruiz-Sánchez et al., in press-a) . Two of them, Pico del Fraile 1 (PF1, Ebro basin, Eastern Spain, U.T.M.: 30T XM63454650) and Pico del Fraile 2, have yielded remains of the glirid Vasseuromys (Larrasoaña et al., 2006; Ruiz-Sánchez et al., 2010a , 2010b .
Stratigraphically, PF1 is situated 170 m below PF2 ( Figure 2 ) and it contains: Soricidae indet., Ligerimys sp., Peridyromys murinus, Simplomys simplicidens, V. rambliensis sp. nov. and Lagomorpha indet. Eucricetodon and Democricetodon are absent. This association led Larrasoaña et al. (2006) to determine its age as Late Ramblian (Early Miocene, MN3, local zone A). In PF2, the presence of Eumyarion cf. weinfurteri, Megacricetodon cf. primitivus, Democricetodon aff. hispanicus, Spermophilinus cf. besana and Vasseuromys cristinae permitted Ruiz-Sánchez et al. (2010b) and Ruiz-Sánchez et al. (in press-a) to assign an Aragonian age to this locality.
The study of Vasseuromys cristinae from PF2 (Ruiz-Sánchez et al., in press-b) made us re-examine the material of this genus in PF1, which allowed FIGURE 1. Geological map of the continental sediments of the Tudela Formation in the Bardenas Reales de Navarra area, with location of the Pico del Fraile section and the Pico del Fraile 1 (PF1) locality. The location of other fossil localities studied previously by Murelaga (2000) and Murelaga et al. (2004a and 2004b) is also shown.
the recognition of the new species, V. rambliensis sp. nov., whose description and phylogeny within the Vasseuromys genus is presented here.
GEOLOGICAL SETTING
The studied Pico del Fraile section is located in the youngest sediments preserved in the western part of the Ebro basin (Figure 1 ) in the region of the Bardenas Reales de Navarra (Larrasoaña et al., 2006) . The fossil locality PF1 is located in the lower part of the section in the so-called Unit 3, which is made up of yellow, reddish, brown and grey mudstones with intercalated limestones and sandstones (Larrasoaña et al. 2006) (Figure 2 ). Mudstone packages are massive and range between a few centimetres and some metres in thickness. Sandstones appear as thin (cm), sheetlike levels distributed throughout the section and are commonly associated to red and brown mudstones. Limestone beds are typically < 1 m thick, often massive and bioturbated, and appear clustered within yellow and grey mudstones. These sedimentary facies are similar to those described elsewhere in the central part of the Ebro basin for the Lower and Middle Miocene, when the basin constituted an endorrheic depression at the foothills of the Pyrenees, the Iberian and the Catalan Coastal ranges (Arenas and Pardo, 1999; AlonsoZarza et al., 2002) . Thus, yellow, reddish and brown mudstones attest for accumulation in distal fluvial and alluvial muddy flood plains that drained the Pyrenean and Iberian Range margins. Grey mudstones and limestone beds accumulated in palustrine environments located ahead of such distal muddy plains, where ephemeral sheet floods resulted in deposition of thin sandstone beds. The fossil locality PF1 is located in a thin (20 cm thick) interval of dark grey mudstones accumulated under palustrine conditions. Magnetostratigraphic data indicate that this fossil locality is located in the lowermost part of chron C5Dn (Larrasoaña et al., 2006) , at an approximate age of 17.5 Ma according to the ATNTS2004 (Lourens et al., 2004) (Figure  2 ).
MATERIAL, METHODS AND ABBREVIATIONS
Fossils were collected during the field season of 2004 and are provisionally kept in the Department of Stratigraphy and Palaeontology of the University of the Basque Country (UPV/EHU). The nomenclature and methods used in the descriptions of the teeth are that of Freudenthal (2004) (Figure 3 ). Measurements are in tenths of millimetres and were taken on a Leica MZ7 5 binocular microscope, by means of displacement of a mechanical stage, connected to a Sony Magnescale measuring equipment. Concavity profiles were drawn, following Freudenthal and Martín-Suárez (2007b) , with a camera lucida mounted on a Wild M5 binocular microscope at 40x magnification.
Abbreviations
PF1, Pico del Fraile locality 1 (Ebro basin); PF2, Pico del Fraile locality 2 (Ebro basin); MN, European Neogene land mammal units; L, W, length and width, respectively.
FIGURE 2.
Composite lithostratigraphic and magnetostratigraphic logs of the Tudela Formation (see Larrasoaña et al., 2006) and their correlation to the ATNTS2004 of Lourens et al. (2004) . The position of locality PF1 is described in this study; for the other fossil localities see Murelaga (2000) and Murelaga et al. (2004a Murelaga et al. ( , 2004b 
Included Species
Ebromys bergasensis nomen nudum (Bergasa, Ventas 4; MP30; Lacomba, 1988; Cuenca et al., 1992) Ebromys autolensis (Autol 1, Quel 1, Moncalvillo, Arnedo, Valcarreta 14; MN1; Cuenca, 1985; Lacomba, 1988; Cuenca et al., 1992) Vasseuromys priscus (Moissac 1, Solothurn, Santa Cilia; MN1; de Bonis, 1973; Engesser, 1976; Álvarez-Sierra et al., 1991) Vasseuromys duplex (Harami 1, Harami 2, Harami 3; MN2; Ünay, 1994) Vasseuromys rugosus (Laugnac, Santa Cilia and Marga 1; MN1 to upper part of MN2; Baudelot and de Bonis, 1966; de Bonis, 1973; Álvarez-Sierra et al., 1991; Cuenca et al., 1992) Ebromys bacchius (Fuenmayor 2, Abuelo 1, Chalamera, Islallana and Miranda de Arga 3A;
upper part of MN2; Martínez-Salanova, 1987; Cuenca et al., 1992) Vasseuromys elegans (Stubersheim 3; MN3; Wu, 1993) Vasseuromys cristinae (Pico del Fraile 2, MN4 or MN5; Ruiz-Sánchez et al., in press-b)
Vasseuromys aff. multicrestatus (SC 109, MN5; Agustí et al., 2011) Vasseuromys pannonicus (Széchenyi hill, Eichkogel, Kohfidisch, Lefkon; MN10/MN11; Armour-Brown et al., 1977; Kretzoi ,1978; DaxnerHöck and de Bruijn, 1981; de Bruijn, 1989; DaxnerHöck and Höck, 2009) The genus Vasseuromys was first described in the localities of Laugnac and Moissac I (Baudelot and de Bonis, 1966; de Bonis, 1973) for Gliridae of medium size with concave occlusal surface and a tendency of the molar cusps to extend longitudinally.
The genus has a time range from Late Oligocene to Early-Middle Miocene (zones MP30 to MN4-MN5) and reappears in the Late Miocene (zone MN11) (Lacomba, 1988; Daams, 1999 ).
An older occurrence, V. moyai, was proposed in the Spanish MP25 locality of Sineu (Hugueney and Adrover, 1990) , but this material was reassigned to Oligodyromys by Freudenthal and Martín-Suárez (2007a) , based on Hugueney and Adrover (1990) who thought it to be derived from a species close to Oligodyromys planus.
Vasseuromys rambliensis sp. nov. 
P4.
Anteroloph not connected to the protocone. Labially the anteroloph is low connected to the paracone. Protoloph connected to the protocone. Metaloph connected to the lingual part of the posteroloph or ending lingually free. Precentroloph short. Postcentroloph of medium size and low connected to the lingual end of the metaloph. The extra ridges are reduced to a very short metatrope and in one out of two unworn specimens a very short ridge between pre-and postcentroloph. The posteroloph is long and low connected to the protocone.
M1.
The anteroloph is long and not connected to the protocone. The centrolophs are long and the precentroloph is longer than the postcentroloph. The metaloph is transverse and connected to the posteroloph. There are two or three extra ridges inside the trigone: a prototrope, another one between precentroloph and postcentroloph and a reduced metatrope in one case. Outside the trigone, one out of two specimens has a very short anterotrope. A shallow furrow separates the labial end of the posteroloph from the metacone.
M2.
Anteroloph separated from the paracone by a shallow furrow. The anteroloph is long and not connected to the protocone. The paracone is divided into two cusps (2) 1985; Martínez-Salanova, 1987; Lacomba, 1988; Álvarez-Sierra et al., 1991; Cuenca et al., 1992; Larrasoaña et al., 2006; Ruiz-Sánchez et al., 2010a; Agustí et al., 2011) , or even in the same section in stratigraphic superposition, provides unique opportunities for comparison. In the Pico del Fraile section at least three assemblages with Vasseuromys remains have been found: PF1 and PF2 (Larrasoaña et al., 2006; Ruiz-Sánchez et al., 2010) and, recently, Sancho Abarca 5 (SA5). In the following the main metric, morphological, biostratigraphic and phylogenetic features of the Vasseuromys assemblage from PF1 are analyzed and compared with the other occurrences of the genus.
Biometry
Vasseuromys bacchius is a large-sized Vasseuromys; the other species form a small-sized group. The size of V. rambliensis sp. nov. from PF1 is intermediate between the two groups, or it covers the lower part of the range of V. bacchius (Figures 5, 6 ). This is especially evident in length and width of m2.
Concavity
Strong concavity is one of the diagnostic features of Vasseuromys mentioned by Baudelot and de Bonis (1966) . The scarce material of the type species of the genus, V. rugosus, has a strong concavity, but this character is not constant in all species of the genus.
Following the method proposed by Freudenthal and Martín-Suárez (2007b) to measure the concavity of glirid molars, we drew 22 profiles in anterior and posterior view of the available specimens (2 m1, 4 m2, 1 M1 and 5 M2) of V. rambliensis sp. nov. We focus on the values of h/r, where h is the maximum depth of the concavity and r the radius of the best-fitting circle (Table 2) . Mean values are calculated when more than one specimen is available, and the data are compared with those of V. cristinae (Ruiz-Sánchez et al., in press-b) and V. autolensis and V. duplex (Freudenthal and Martín-Suárez, 2007b ). Comparison of the data for C (h/r) (Table 3; Figure 7) shows that V. rambliensis sp. nov. is weakly concave and V. cristinae, moderately concave, and therefore, the latter one is the most concave of the four compared species.
Morphology
Lower molars. The number of ridges in Vasseuromys shows a great variability. According to RuizSánchez et al. (in press-b) , the lower molars of V. autolensis, V. rugosus, V. bacchius, V, duplex and V. pannonicus generally have between nine and 11 ridges whereas V. priscus and V. elegans have between eight and nine. Vasseuromys cristinae from PF2 and V. aff. multicrestatus from SC 109 always have nine ridges in the lower dentition.
Vasseuromys rambliensis sp. nov. has nine ridges in the lower molars: four main ridges, the centrolophid and four extra ridges, whereas the upper molars have between seven and 10 ridges: four main ridges, two centrolophs and between one and four extra ridges. While the M1 has between eight and 10 ridges, the M2 has between seven and nine. The variability in the total number of ridges in the M3 can not be evaluated because of the scarcity of material.
The ridge pattern of the lower molars of V. rambliensis sp. nov. is similar to that of V. bacchius from Fuenmayor 2: centrolophid and posterotropid not exceeding 3/4 of the tooth width (only one m3 out of 13 lower molars of PF1 has a long centrolophid connected to the mesoconid) and strong length reduction of the extra ridges of the lower molars (clearly more reduced in V. rambliensis sp. nov.), especially the anterotropid. In V. rambliensis sp. nov., this last ridge is strongly reduced in both m1 (forming a little protuberance of the posterior side of the anterolophid). The anterotropid is also strongly reduced in three out of six m2 and shows a medium-large length in the five m3. The extra ridges, especially the anterotropid, in the lower molars of V. rambliensis sp. nov. are much shorter than in most species of the genus. Only V. priscus (Álvarez-Sierra et al., 1991) shows extra ridges with a similar size, though still less reduced than in V. rambliensis sp. nov.
Generally, the Vasseuromys species, except for V. priscus and V. bacchius, have a long centrolophid, sometimes fused to the mesoconid. In V. rambliensis sp. nov. the centrolophid is of medium size, and generally has a free end (not connected to the mesoconid). Only in the m1 the anterior centrolophid is connected to the posterior centrolophid. The degree of development and connections of the centrolophid in PF1 is very similar to that found in V. bacchius from Fuenmayor 2.
On the other hand, except for V. priscus, V. elegans, V. cristinae and V. aff. multicrestatus the Vasseuromys species usually have more than one (2-3) posterotropids (Ruiz-Sánchez et al., in pressb). Vasseuromys cristinae and V. aff. multicrestatus are the only species with a single posterotropid, with the exception of the lower molars of V. rambliensis sp. nov., which also show a single poster- (8-9). The number of extra ridges in the upper molars of V. rambliensis sp. nov. is not constant in all elements. While the prototrope is constant in M1-2-3, only one out of six M2 have an extra ridge between the centrolophs and one metatrope. Outside the trigone only one out of two M1 has a short anterotrope.
The Vasseuromys species, except V. priscus and V. bacchius, have short, medium or long anterotrope and/or posterotrope in the upper dentition. The strong reduction in number and degree of TABLE 2. Measurement values of concavity in V. rambliensis sp. nov. of PF1 (12 specimens; 2 m1 inf. ant., 1 m1 inf. post., 4 m2 inf. ant., 4 m2 inf. post., 1 m1 sup. ant., 1 m1 sup. post., 4 m2 sup. ant. and 5 m2 sup. post. profiles) and comparison with V. autolensis from Autol 1 (1 specimen) and V. duplex from Harami 1 (1 specimen). For more detail see Freudenthal and Martín-Suárez (2007b) . Abbreviations: S, surface of concavity profile; w, maximum width of the molar as seen in the profile; b, distance between x and y; h, maximum depth of the concavity; r, radius of the best-fitting circle. development of the extra ridges in the upper molars of V. rambliensis sp. nov. is only comparable to that described for V. bacchius, which shows no extra ridges outside the trigone. Another difference between V. rambliensis sp. nov. and the rest of the Vasseuromys species is the kind of connection of the metaloph, which is usually transverse and connected to the protocone. As a consequence of this kind of connection a transverse valley, open or closed to the lingual border of the teeth, occurs between the posteroloph and the metaloph. Although this morphotype is constant in all previously known Vasseuromys assemblages, it is absent in V. rambliensis sp. nov. All upper elements, except the D4, have a metaloph not connected to the protocone. The lingual end of the metaloph is connected to the posteroloph, thus closing the posterior valley. This morphotype allows the distinction of the upper molars of V. rambliensis sp. nov. from those of the other species of the genus.
Biostratigraphy
The published Vasseuromys species cover the range between zone MN1 and MN11 (Daams, 1999) . The time span between MN1 and the upper part of MN2 in Europe and Turkey has a well-documented record of Vasseuromys (de Bonis, 1973; Cuenca, 1985; Martínez-Salanova, 1987; Álvarez-Sierra, et al. 1991; Ünay, 1994; Ünay and Göktas, 2000) . The species in MN1 are V. autolensis, V. priscus and V. rugosus in Europe and V. aff. duplex in Turkey. In Europe, in the lower part of zone MN2, only V. rugosus is present, whereas in the upper part of zone MN2 V. rugosus and V. bacchius occur. In MN2 of Anatolia the characteristic species is V. duplex.
In zone MN3, until now, only V. elegans had been recorded (Stubersheim 3, Wu, 1993) . Only five European localities (Erkertshofen 2, Petersbuch 2, Blanquatère 1, SC 109 and Pico del Fraile 2) have yielded remains of Vasseuromys in the time span between MN4/MN5. In Erkertshofen 2 and Petersbuch 2 (MN4), Wu (1993) 
aff. elegans. Aguilar and Lazzari (2006) described V. aff. elegans together with V. aff. priscus and Vasseuromys sp. from Blanquatère 1, but in view of the excessive number of species (34 rodent species) the homogeneity of this locality is questionable.
Only V. aff. multicrestatus is known in MN5/ MN9 (Agustí et al., 2011) and V. pannonicus is documented in the Late Vallesian and Early Turolian deposits of Europe (MN10/MN11) (Daxner Höck and de Bruijn, 1981; de Bruijn, 1989; Daams, 1999; Daxner-Höck and Höck, 2009) .
The absence in PF1 of the genera Eucricetodon and Democricetodon, the predominance of Ligerimys and the presence of P. murinus are biostratigraphically significant and allow attribution of this locality to zone A (MN3) of the Ramblian.
The presence of V. rambliensis sp. nov. in PF1 implies the coexistence in unit MN3 of more than one species of Vasseuromys, as also happens in MN1 with V. autolensis, V. priscus and V. rugosus and in the upper part of MN2 with V. rugosus and V. bacchius (Daams, 1999) .
Origin and Phylogeny of Vasseuromys
The oldest records of Vasseuromys are from the Late Oligocene of Bergasa (Lacomba, 1988) and Ventas 4 (Cuenca et al., 1992) . Bergasa (Ebro basin, Spain) contains an unpublished fossil assemblage including a new species of Ebromys, according to Lacomba (1988) , based on the strong concavity of the occlusal surface, the absence of an endoloph in M1-2, and the anterior prolongation of the labial tubercles in m1-2. Ebromys (=Vasseu-romys) bergasensis from Bergasa is clearly the smallest species of the genus. The development of extra ridges in lower and upper molars is less than in the rest of the species. The lengths and connections of the centrolophids are very similar to those in the other species, except for V. bacchius and V. rambliensis sp. nov. from PF1, where this ridge is clearly shorter.
These features make us consider that the Vasseuromys ancestor was a small-sized species (Daams, 1989) . The long centrolophids, frequently reaching the labial tooth border of the m1-2, the complex dental pattern of the upper molars and the size, are very similar in both forms. On the contrary, the presence of an extra ridge in the anterior valley of the lower molars in Bergasa, led Daams (1989) to distinguish them. Nevertheless, the exclusive morphotype without anterotropid of P. columbarii is also present in the lower molars of the Vasseuromys assemblage from Bergasa (40% in m2 and 47% in m3).
In view of these data, a phylogenetic relationship may exist between Peridyromys and Vasseuromys. According to Daams (1999) , Peridyromys is the oldest genus of the Myomiminae and, probably, the ancestor of a number of other genera such as Armantomys, Altomiramys, Praearmantomys, Pseudodryomys, etc. According to Daams (1999) , the teeth of Peridyromys are relatively small, and its first representatives have a moderately complex dental pattern (P. murinus from St. Victor-la-Coste and Coderet, Upper Oligocene-MP30, France and P. columbarii from Sayatón 6, Upper Oligocene-MP30). Vasseuromys rambliensis sp. nov. is found in the Ramblian deposits of local zone A (Larrasoaña et al., 2006) . Therefore, its ancestor must be sought in some of the Vasseuromys species from MN1 or MN2.
Two sets of localities may contain this ancestor, one situated in the East (Anatolia-Turkey) and the other one in the West (Europe) of the Mediterranean. Ünay (1994) considered that the two forms of the genus Vasseuromys of the Turkish assemblages (V. duplex from Harami 1, 2 and 3, and V. aff. duplex from Kilçak 0, 0", 3A and 3B) constitute a lineage restricted to the eastern Mediterranean. In this lineage there are two anterotropids and one posterotropid, and in the Turkish material the centrolophids are never as long as they are in V. rugosus from European localities. While in the Turkish species two anterotropids are present, in V. rambliensis sp. nov. this ridge is less developed, especially in m1. The length of the centrolophids of V. rambliensis sp. nov. and the ridge pattern of the posterior valley are more similar to those of Turkish material than those of V. rugosus from MN2. In spite of these similarities and on the basis of the development of the anterotropids, we reject the possibility that V. rambliensis sp. nov. is a descendant of the Turkish lineage.
Four species (V. priscus, V. rugosus, V. autolensis and V. bacchius) from European localities of MN1-MN2 are potential ancestors of V. rambliensis sp. nov. The dental pattern of V. rambliensis sp. nov. from PF1 is simpler than that of most of these species, but V. priscus has an even simpler dental pattern. V. priscus is characterized by one extra ridge in the upper molars and two in the lower ones. V. rambliensis sp. nov. has generally three extra ridges in the upper molars and four in the lower molars; this difference seems to be sufficient to reject V. priscus as ancestor of V. rambliensis sp. nov.
The dental pattern of V. rugosus is more complex than that of V. rambliensis sp. nov. The main differences between both taxa lie in the number of extra ridges in the lower molars, especially in the posterior valley, in the development of the centrolophid and in the number of extra ridges inside the trigone. In V. rugosus three posterotropids are present in all m1-2 and two or three in the m3; in V. rambliensis sp. nov. only one single posterotropid is present in all lower molars. In V. rugosus the centrolophids are long and reach the labial border, in V. rambliensis sp. nov. the centrolophids usually do not reach the middle of the tooth. In V. rugosus the trigone has three well-developed extra ridges (Álvarez-Sierra et al., 1991) , in V. rambliensis sp. nov. the development of these ridges is less, with a tendency of the central one (between centrolophs) and the posterior one (metatrope) to be absent. Therefore, it is improbable that V. rugosus is the ancestor of V. rambliensis sp. nov. Álvarez-Sierra et al. (1991) consider V. bacchius as an off-shoot of V. autolensis. The locality Fuenmayor 2 is younger than those that contain V. autolensis (Autol, Quel 1). The locality PF1, in turn, is younger than Fuenmayor 2, and there may well be an evolution in situ V. autolensis -V. bacchius -V. rambliensis sp. nov.
In V. bacchius the teeth are larger, the dental pattern is slightly simpler, the centrolophids are somewhat shorter than in Autol, and the labial cusps of the lower molars are not longitudinally elongated.
From V. bacchius to V. rambliensis sp. nov. a further simplification of the dental pattern takes place (reduction of length in the extra ridges of the lower molars, reduction of number and development of extra ridges in the trigone of the upper molars). Contrary to the trend from V. autolensis to V. bacchius, V. rambliensis sp. nov. is on average smaller than V. bacchius.
CONCLUSIONS
Vasseuromys rambliensis sp. nov. from PF1 represents the first record of this genus in the MN3 zone of the Iberian Peninsula. Its presence implies the existence in the MN3 zone of two species of Vasseuromys with different dental patterns.
The size of this new glirid species is intermediate between the large V. bacchius and the rest of species of the genus.
The new species is characterized by the constant presence of four extra ridges, metalophid always connected to the metaconid and mesolophid connected to the entoconid in the lower molars. The anterotropid shows a strong reduction in m1, is less reduced in m2 and is of medium length in m3. The development of the centrolophid is very similar to the V. bacchius and reduced with respect to the rest of the species.
In the upper molars the most striking feature is the kind of connections of the lingual side of the metaloph. While in the rest of the Vasseuromys species the metaloph is connected to the protocone, in V. rambliensis sp. nov. the lingual part of the metaloph is directed backward, connecting with the posteroloph.
In the Iberian lineage V. autolensis (MN1) -V. bacchius (upper part of MN2) -V. rambliensis sp. nov. (MN3) there is a progressive simplification of the dental pattern.
